To investigate sensory changes present in patients with chronic whiplash-associated disorders and chronic idiopathic neck pain using a variety of quantitative sensory tests to better understand the pain processing mechanisms underlying persistent symptoms.
W hiplash injury affects one in every 1000 of the Western population each year. 1 Although most patients recover within 2 to 3 months, chronic symptoms develop in 14% to 42% of cases. 1 The pathophysiology underlying persistent symptoms is poorly understood.
Peripheral structures such as the cervical zygapophyseal joints appear to be frequent sources of nociception. 2, 3 However, a growing body of research is beginning to reveal that underlying changes in the neurobiologic processing of pain may have a role in the maintenance of persistent symptoms in whiplash-associated disorders (WAD). Studies on patients with ongoing symptoms following whiplash injury have revealed hyperalgesia to various stimuli both over the cervical spine and remotely at unaffected body regions over muscular and nerve tissue. 4, 5 Globally reduced pain thresholds and pain tolerance to intramuscular and transcutaneous electrical stimulation also appears to be a feature of this condition. 6 Furthermore, an innocuous stimulus (vibration) has been shown to produce a painful sensation in a subset of patients with chronic WAD. 7 These sensory changes over body regions unaffected by the injury may indicate alterations of central pain processing mechanisms.
Psychophysical studies on other chronic pain states postulated to have a central component to symptom production, such as fibromyalgia 8, 9 and osteoarthritis, 10 have revealed widespread hyperalgesia to thermal stimuli. Responses to thermal stimuli such as heat and cold pain thresholds are yet to be fully investigated in chronic WAD.
A further gap in our knowledge regards the homogeneity of patients with chronic neck pain. Currently, treatment of all types of persistent neck pain is similar. However, patients with whiplash in particular seem much more recalcitrant to inter-vention than those with idiopathic neck pain, indicating that different mechanisms may underlie each disorder. Both patients with chronic WAD and idiopathic neck pain show increased sensitivity to electrocutaneous stimulation over the cervical spine when compared with pain-free control patients. 11 However, the two types of patients with neck pain have not been directly compared. As a result, little is known about the sensory changes present in idiopathic neck pain and whether they are analogous to those seen in chronic WAD.
The aim of this study was to use quantitative sensory testing to gain an insight into the pain processing mechanisms underlying chronic WAD and idiopathic neck pain, and, further, to compare directly the sensory changes present in these conditions. As psychologic factors such as anxiety can affect pain threshold measures, 12 and anxiety is a feature of chronic WAD, 13 it was appropriate to account for this potential influence when investigating pain responses. For this reason, a measure of anxiety state was included in the study.
MATERIALS AND METHODS

Participants
A case control study was used to allow comparison of two subject groups and one control group. The first subject group consisted of 30 consecutive whiplash-injured patients (13 males, 17 females, mean age 41.6 ± 10 years) referred to The University of Queensland Whiplash Research Unit. The criteria for inclusion were chronic neck pain as a result of a motor vehicle accident, which fulfilled the criteria of WAD 2 as defined by the Quebec Task Force classification. 14 Chronic symptoms were defined as lasting 3 months or more. Patients were excluded if they displayed neurologic signs on clinical assessment or reported a history of neck pain and/or headaches prior to the whiplash injury. One prospective participant was excluded from the study due to a brachial plexus lesion at the time of injury. The mean duration of pain for the remaining 29 patients was 18.5 ± 11 months.
The second patient group consisted of 20 patients suffering from idiopathic neck pain (3 males, 17 females, mean age 32 ± 11 years, mean duration of pain 51.5 ± 40 months). Patients were recruited from local private physiotherapy practices when they presented for treatment of that complaint. Patients were included if they currently experienced insidious onset neck pain that had persisted for a consecutive period of 3 months or more. Patients were excluded if they experienced prior trauma to the head, neck, or upper quadrant, reported neurologic symptoms, or experienced coexisting pain in other body regions. One prospective patient with idiopathic neck pain was not considered because of coexistence of temporomandibular joint (TMJ) dysfunction.
The control group consisted of 20 pain-free patients (8 males, 12 females, mean age 31.25 ± 10 years) who had never experienced any prior pain or trauma to the cervical spine, head, or upper quadrant requiring treatment. Patients were recruited following appeals to the general community.
Measures
Pressure pain thresholds (PPTs) were measured with an electronic digital algometer (Somedic AB, Farsta, Sweden), which consists of a circular probe with a 1 cm 2 round rubber tip connected to a pressure transducer within the handle of the unit. Pressure was applied at a rate of 40 kPa/s, and participants were instructed to press a switch when the sensation under the probe changed from one of pressure only to one of pressure and pain. This terminated the pressure stimulus and recorded the pressure at that point. 15 The mean of three trials at each site was calculated and used for further analysis. A 10-second pause was allowed between measures.
Hot and cold pain thresholds were tested with the Thermotest System (Somedic AB). A Peltier thermode was applied directly to the skin and held in place manually. From a baseline of 30°C, the thermode either increased in temperature at a rate of 1°C/s up to a maximum cut-out temperature of 50°C, or decreased temperature at a rate of 1°C/s to a cut-out temperature of 4.5°C. Patients held a control switch, which they were instructed to press as soon as the sensation was felt to change from one of heat/cold to one of heat/cold and pain. The temperature was recorded at this stage and the thermode reverted to the baseline temperature. If the cold pain threshold was not reached before the cut-out temperature of 4.5°C, the value was recorded as 4.5°C for that trial. Likewise, the maximum temperature for heat pain threshold was set at 50°C. The mean of three trials at each site was calculated and used for further analysis. A pause of 10 seconds was allowed between tests.
Punctate hyperalgesia was assessed using von Frey hairs, which are a set of 17 nylon monofilaments, each mounted at a right angle to a Plexiglas handle. The force required to buckle the monofilament increases from 0.026 g in the first handle of the set to 110 g in the last. The procedure for testing was progressive application of each monofilament to the skin with enough pressure to cause bending, until the patient reported the sensation change from light touch to a pricking pain.
The Short Form of the State scale of the Speilberger State-Trait Anxiety Inventory (SF-STAI) was used to measure patient anxiety. It is a six-item questionnaire that has been shown to be a reliable and sensitive measure of state anxiety. 16 The Neck Disability Index (NDI) was used to monitor the severity of neck pain. It is a 10-item self-report index that has been shown to be a reliable and valid measure of neck disability. 17 Patients' pain intensity was measured using a 10 cm Visual Analog Scale (VAS).
Procedures
Ethical clearance for the study was gained from the Medical Research Ethics Committee at the University of Queensland, Australia. Patients were given a brief explanation of the nature of the research and the tests that were to be performed. Expected findings were not explicitly stated to help avoid expectancy bias on the results. Participants then signed an informed consent form and completed the SF-STAI. In addition, patients with neck pain completed the NDI.
A set order of testing was adhered to for all patients to control for any effect that the response to one test could have on subsequent tests and to utilize the convenience of instant data storage in the pressure algometer. Heat and then cold pain thresholds were tested bilaterally in the following order: tibialis anterior, deltoid insertion, and cervical spine midway between C2-C3 and C5-C6. Pressure pain thresholds were then measured bilaterally over the following sites: 1) The articular pillars of C2-C3 and C5-C6. These are the most common sites of zygapophyseal joint involvement in the late whiplash syndrome 3 and can be a source of pain in idiopathic neck pain. 18 2) The peripheral nerve trunks of the median, radial, and ulnar nerves, due to the suggestion of nerve tissue involvement in persistent WAD. 19, 20 The median nerve was identified in the cubital fossa medial to and immediately adjacent to the tendon of biceps. The radial nerve was identified where it passes through the lateral intermuscular septum between the medial and lateral heads of triceps to enter the mid to lower third of the humerus. The ulnar nerve was tested in the groove between the medial epicondyle and the olecranon. 21 3) Tibialis anterior was chosen as a remote site, halfway between the most superior attachment to the tibia and its tendon in the upper one third of the muscle belly. This area has been used as a remote site in previous psychophysical studies on chronic WAD. 4, 5 Von Frey hair testing was performed bilaterally in the following order: tibialis anterior, upper arm at the deltoid insertion, and cervical spine midway between C2-C3 and C5-C6.
Statistical Analysis
A preliminary repeated measures analysis of variance (ANOVA) revealed no significant differences (P > 0.1) between sides for PPTs, HPTs, or CPTs in any group. Therefore, mean values for left and right sides were used in further analysis. A multivariate analysis of covariance (MANCOVA) and a priori contrasts were then performed to determine group differences for all measures. Due to the potential effects of age, sex, and SF-STAI scores on the responses to pain threshold testing, these variables were used as covariates in the analysis. 12, 22, 23 Pearson product-moment correlations were performed between pressure, heat and cold pain threshold data of the patients with whiplash and idiopathic neck pain, and NDI and SF-STAI scores. For all analyses, significance was set at P < 0.05. Table 1 presents the characteristics for the three patient groups. Patients with whiplash had significantly higher NDI scores than those with idiopathic neck pain (P = 0.005), and neck pain of significantly less duration (P = 0.000). The groups did not differ significantly in anxiety levels as measured by the SF-STAI (P = 0.355). Eighty-seven percent of the whiplash subjects had filed a compensation claim that was still ongoing at the time of the study, and 13% were not seeking compensation for their injuries. None of the idiopathic neck pain subjects was involved in compensation.
RESULTS
Group Characteristics
Pressure Pain Thresholds
A multivariate analysis of covariance revealed group differences for PPTs at the tibialis anterior, C2-C3, C5-C6, median, and radial nerve sites (all P < 0.03), with the ulnar nerve site approaching significance (P = 0.086). A priori contrasts showed that the whiplash group had significantly lower PPTs at all of these sites when compared with controls (P < 0.03). Patients with idiopathic neck pain had lower PPTs over C2-C3 and C5-C6 when compared with controls (P < 0.04). There were no differences between patients with whiplash and idiopathic neck pain at C2-C3 (P > 0.3), although patients with whiplash were more sensitive at C5-C6 (P < 0.01) (Fig. 1) . There was no effect of age or SF-STAI score on PPT values (P > 0.07), although there was an effect of sex at the tibialis anterior and radial nerve sites with females having lower PPTs (P < 0.01).
Heat Pain Thresholds
A multivariate analysis of covariance revealed group differences in heat pain thresholds (HPTs) at the cervical spine, tibialis anterior, and deltoid insertion sites (P < 0.05). A priori contrasts showed that the whiplash group had lower HPTs at all of these sites than both control and idiopathic neck pain patients (P < 0.05). Patients with idiopathic neck pain were not significantly different to controls at any site (P > 0.8 for all sites) (Fig. 2) . There was no effect of age, sex or SF-STAI score on HPTs (P > 0.1).
Cold Pain Thresholds
Multivariate analysis of covariance revealed group differences in cold pain thresholds (CPTs) at the cervical spine, tibialis anterior, and deltoid insertion (P < 0.03). A priori contrasts showed that the whiplash group had significantly reduced CPTs over these sites as compared with both idiopathic neck pain and control groups (P < 0.03). Patients with idiopathic neck pain were not significantly different to control patients at any site (P > 0.27 for all sites) (Fig. 3) . There was no effect of age, sex, or SF-STAI score on CPTs (P > 0. 36).
Von Frey Hair Sensibility
Preliminary analysis of von Frey hair data was performed after testing 20 subjects in each group. No significant group differences at any site were evident (P > 0.28), hence further testing was deemed unwarranted.
Correlations Between Sensory Data, Neck Disability Index, and Short Form State-Trait Anxiety Inventory
Pressure pain thresholds over the cervical spine (C2-C3, C5-C6) (r = −0.23, −0.3 respectively) and CPTs at all three sites (tibialis anterior r = 0.26, deltoid r = 0.25; cervical spine r = 0.4) significantly correlated with NDI scores (P < 0.05). There was no significant correlation between SF-STAI scores and any sensory measure (r ranged from 0.01 to 0.28; P > 0.09).
FIGURE 3.
Means and standard errors of the means for cold pain thresholds for the whiplash, idiopathic neck pain, and control groups. There were significant differences between whiplash, as compared with idiopathic neck pain and control patients over all sites (P < 0.03). No differences were seen between idiopathic neck pain and control patients.
FIGURE 1.
Means and standard error of the means for pressure pain thresholds (PPTs) for the whiplash, idiopathic neck pain, and control groups. There were significant differences between whiplash and controls at C2-C3, C5-C6, tibialis anterior, median, and radial nerve trunk sites (P < 0.03). Patients with idiopathic neck pain had reduced PPTs at C2-C3 and C5-C6 (P < 0.04) compared with controls but not at other sites.
FIGURE 2.
Means and standard errors of the means for heat pain thresholds for the whiplash, idiopathic neck pain, and control groups. There were significant differences between whiplash as compared with idiopathic neck pain and control subjects over all sites (P < 0.05). No differences were seen between idiopathic neck pain and control subjects.
DISCUSSION
Patients with whiplash in this study demonstrated generalized hypersensitivity to pressure, heat, and cold stimuli, which occurred independently of anxiety levels. These findings support the results of previous studies showing widespread sensory changes in patients with chronic WAD 4, 5 and demonstrate that these sensory changes also involve decreased pain thresholds to thermal stimuli. The abnormal sensory responses over sites distant to areas of pain could be due to alterations in pain processing mechanisms within the central nervous system such as central sensitization 4, 5 or a loss of endogenous pain control mechanisms. 24 By comparison, the group with chronic idiopathic neck pain only showed mechanical hyperalgesia over cervical spine sites. This suggests that, within the realm of chronic neck pain conditions, widespread sensory hypersensitivity might be a feature unique to disorders arising from a whiplash-type injury.
Both neck pain groups demonstrated mechanical hyperalgesia over the cervical spine. This may be a sign of peripheral nociceptor sensitization, presumably as a consequence of a cervical spine arthropathy. Heat hyperalgesia is also thought to be a sign of peripheral nociceptor sensitization. 25 Thus, it was surprising to note this feature existed in the whiplash group, but not in the idiopathic neck pain group. The characteristics of primary hyperalgesia have been derived mainly from studies of cutaneous injuries 25, 26 and therefore might not correspond with the responses to sensory testing over a deep tissue injury. It is possible that the hypersensitivity to heat over the cervical spine in the whiplash group may be a part of the generalized hypersensitivity seen in this group, rather than a specific indication of underlying tissue injury.
The generalized sensory disturbances seen in patients with WAD included reduced PPTs over upper limb nerve trunks. As the patients with whiplash in this study were classified as WAD II and by definition displayed no neurologic signs on clinical assessment or reported any injury to the upper limbs, the increased sensitivity also likely represents areas of secondary hyperalgesia. Some involvement of peripheral nerve tissue cannot be excluded in this subject group, as pain arising from nerve tissue is not necessarily accompanied by signs of nerve conduction loss. 27 Clinically, nerve trunk mechanosensitivity might be the result of nerve tissue inflammation causing sensitization of the nervi nervorum 28 or ectopic firing of C fibers. 29 Nerve tissue inflammation could hypothetically exist in whiplash-injured patients as a result of either nerve tissue damage from the trauma 20 or an inflammatory process in adjacent structures such as an intervertebral disc or zygapophyseal joint. 30 The coexistence of cold hyperalgesia supports this proposal, as cold hyperalgesia has been shown to be a feature of neuropathic pain as a result of peripheral nerve injury. 31 Cold hyperalgesia is also a nonspecific indication of sympathetically maintained pain (SMP). 32 Hypothetically, SMP could develop in a whiplash-injured patient if nerve tissues were damaged during the trauma. For instance, injuries to the sympathetic and cervical plexuses have been demonstrated in postmortem studies involving motor vehicle accidents, 20 and peripheral nerve injury has been shown to cause sprouting of sympathetic fibers into nerves within the dorsal root ganglia, leading to pain upon sympathetic nervous system activity. 33 This would support the notion that the sympathetic nervous system might contribute to persistent symptoms following whiplash injury, as indicated by the frequency of vasomotor symptoms and burning-type pain reported in this population. 19 Although in this study the group with chronic WAD demonstrated widespread sensitivity to mechanical pressure and thermal stimuli, we found no change in pain threshold to von Frey hair testing. To our knowledge, only one other study has investigated pain responses to punctuate stimuli in WAD. 7 These authors found that only a small subgroup of subjects (4 out of 43) reported pain with such testing. This would suggest that punctuate hyperalgesia is not a uniform feature of chronic WAD. The reason for this is unclear, but may indicate that different mechanisms are involved in the processing of punctuate stimuli as compared with blunt mechanical pressure. Future studies may need larger subject numbers to identify and investigate the characteristics of these subgroups.
There are several important differences between chronic WAD and idiopathic neck pain that may account for the differences in pain processing mechanisms apparent in this study. First, although idiopathic neck pain is by definition nontraumatic in nature, the onset of a whiplash injury involves a specific incident, which results in a sudden nociceptive barrage to the central nervous system. Intense nociceptor activation has been shown to increase the excitability of dorsal horn neurons in the spinal cord, [34] [35] [36] and if the initial sensitizing event is severe enough, the maintenance of this state might be largely independent of ongoing peripheral inputs. 37 Furthermore, intense nociceptive input may also lead to increased neuronal activity at supraspinal sites and a net increase in endogenous facilitation of painful stimuli. 24 In this scenario, a given afferent input would result in disproportionately heightened pain responses.
A continued afferent barrage is another factor thought to be capable of leading to central disturbances of nociception. 38 However, this does not appear to be an important influence in chronic neck pain conditions, as the mean duration of symptoms for the group with idiopathic neck pain was significantly longer that of the group with WAD. There was a moderate correlation between NDI scores and some pain threshold data (PPTs over the cervical spine and CPTs) suggesting a relationship between levels of pain and disability and sensory hypersensitivity. However, from this data, directionality cannot be inferred, and it is not clear whether the higher levels of pain and disability are driving sensory disturbances or vice versa.
It has been suggested that anxiety may be a cause of sensory hypersensitivity in chronic WAD. 39 The results of this study were independent of state anxiety levels as measured by the SF-STAI, and there was no correlation demonstrated between SF-STAI scores and the sensory responses. However, whiplash patients in this study did not show significant increases in anxiety as compared with the other subject groups. This is in contrast to the findings of studies showing elevated anxiety levels in chronic WAD compared with the normal population. 13 Both neck pain groups in this study tended to show higher scores than control subjects, although this difference was not statistically significant. Future studies may need a more comprehensive measure of anxiety to detect any differences. However, it is interesting to note that in this study the group with idiopathic neck pain showed a trend for higher anxiety scores than the group with whiplash, yet did not demonstrate generalized hypersensitivity. This would suggest that state anxiety levels were not an influence on the sensory responses seen in this study. Additionally, it would appear that state anxiety is not a determinate of self-reported pain and disability, considering that the group with WAD recorded significantly elevated NDI scores as compared with the group with idiopathic neck pain. However, it should be acknowledged that other factors such as psychologic distress, depression, maladaptive coping strategies, and compensation/litigation issues may also affect pain threshold responses. Preliminary evidence has demonstrated that the sensory disturbances seen in whiplash occur independently of psychologic distress, 40 but further investigation of the influence of these factors is required.
CONCLUSION
Patients suffering from persistent symptoms following whiplash injury showed widespread sensitivity to pressure, heat, and cold stimuli consistent with central nervous system hypersensitivity and ongoing tissue injury. Furthermore, cold hyperalgesia could be an indication of nerve tissue involvement. By comparison, patients with idiopathic neck pain showed no sensory abnormalities outside of the cervical spine, indicating that widespread hypersensitivity suggestive of changes in nociceptive processing is not a feature of this condition. In this respect, chronic WAD and chronic idiopathic neck pain might be best regarded as separate clinical entities, with a corresponding distinction required in treatment approaches.
